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Attached is & copy ot Lp.bontory 28%s mte-up or the projected
Semi-Works trials. You will note that they have gone back to the 5.5:1 mole
ratio rather than the 3,5. The reason for this is some indication that less
arseniocus ecid is formed during recycle with this ratio. Ip edditiocn, it
vas felt that first trials should stick to the Whitmoyer conditiocns as closely
as possible., I believe that later work will investigate the 3.5:1 mole ratio.
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FROM: Dr. H. Reterink, Mr., S. Wiee, and Mr. D. Nicodemue

SUBJECT: Arsanilic Acid

Because of the waste arsenic disposal problem existing in the current
Whitmoyer arsanilic acid process, leboretory 28 has developed en improved process
wvhich allows recovery and reuse of most of the arsenic residues not converted
to arsanilic acid. The procedure has been demonstrated in several series
through b or 5 recycles. In sddition, on & preliminary basis, the process
appears to have an econamic advantage over the present procedure. The work
has progressed to the point where demcnstration on & larger scale is desirsble
and an eppropriation has been granted for this purpose. Hereln is outlined
e tentative Semi-Works procedure which enmcorparates the best laboratory conditions.
The number of recycles desired, and perhaps other slight variatioms in operating
conditions, will be estadblished ms the work in the ladoratory and pilot plant
Jrogresses. Any specific immediate data or changes in the yrocedure descrived
in this repart vhich ere desired for plant operstion should be suggested as
soon &s possible by the Develormernt Engineering Group at Bristol or by others
concerned with this denlc;ment. _

Briefly, the JTOCEss 1! as tollwsé (1) React arsenic acid with
‘excess apiline (S, 5/1 nole ratio) et 160-165°C. for 2 hows; (2) Part of the
unreacted aniline is stripped off under reduced. pressure (30 mz. Hg); (3)
Part of the remaining aniline salt is split with steam and the anilipe i
removed dy distillation; (4) The resulting arsanilic acid solution is carbon-
treated; (5} The arsaniliec acid is crystallized froam the carbon-treated solution
by cooling and the resulting filter cake is water washed to remove impurities;

- (6) Mother liquer (filtrate) and wash water is concentrated to approximately

60% s0lids under vacuum (90 mm. Hg) and the residue, containing both ersenic
and anilire (cambined as la.:l.t), is recycled together with recovered aziline
to the succeeding run.
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men:l.c conversicn to arsanilic acid is sbout 26% which 'is equivalent
to the conversion cbtained using the present process. In the latter case arsenic
residues are contamipated with inarganic salts which makes recycls impracticable,

I. Chemistry

* HohsO leo-165%.>

N Rfip *HaAs0,4
93.12 141.93 235.06 217.04 18.02

1I. Eguirment

Because of the toxic mature of aniline and arsenic campounds, 4he
reactions will be performed in the Semi.Works Toxiec Ares. The equipment ia this
ares will be modified to simulate the proposed plant as nearly as pouiblo as
shown in Pigure 1.

A. Reagtar

Uzit 117, a 100-gallon, 316-stainless stesl kettls with a condenser,
receiver, vacuum source, and separator pot are to be used for the reacticn step.
At the ccnp}.etion of the reacticn and vacuum stripping, as much hot water as
poessible will be added to Unit 117 with the remaining weter of soluticn for the
arsanilic acid to be added contimuously to the transfer lins leading to the steanm
stripper. The reactar efflusnt will be pumped contimucusly to the packed column
on Unit 116 for stean ltrippins.

B. Stesa Strivping Unig
Unit 116, a 100 gallon, glass-lined kettls with a S-inch diameter
column packed with 5 feet of 1/2-inch Iatallox saldles, a condenser, s cooled
receiver, anpd & dip-pips for part of the steanm will be used for steanm strippirg.
A heat mmcer will be used for generating steam fram the agusous layer of
‘the aniling=water azsotrope. Unit 116 itself will act as a 2 hour surge to
allow carpletion of the steam stripping.

C. Carbon.Treaiment Unit
o Two columns, each being 8 inches in diameter and 28 :I.nchu in length
and fabricated from 316 stainless steel pipe, are to serve as carbon treating
wits. ZPach column will be packed with T.4 lbs. of granular Fuchar C-190
carbon (Density 9.17 1bs./ft.3) Steam-stripped effluent fram Umit 116 will be
pumped cocatinucusly through the columns joined in series. It is expected tlgb
one batch of material fram Unit 117 vill sxhaust ths mnm carpR J
Subsequent attempted carbon regeneraticn is a batch operatica. . -

/
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‘;w.

D. mugiution and Filtration Unit

An sgitated vessel at 50 %. is to receive the carbon-treated strean.
The container will be filled and the partially cmtallised. arsanilic acid
permitted to flow over intd a 50-gallon Alscp tank at 20 C. After a 2 hour -
residence time, the arsanilic acid will be separated from the mother liquor
in a filter box. The crystals are to be washed batchwise.

E. Mother Liquor Concentrator

Mother liquer fram the arsanilic acid will be removed by vacuum to
doudble thickness polyethylene-lined drums and stcred until Unit 117 is empty.
This materisl will then be concentrated by normal vacuum distillation. The
bottans are to be dropped out of the kettle into doublc thickness polyethylene-
lired drums and stored until recyclad.

III. Reaction Charge

The charge listad below are based on the production of €5 lvs.
(0.299 moles) of arsanilic acid per run starting with an iaitial rum in
cne case and a follow-up recycls in snother. The following conditions are

assumed: o/

1.) A 5.5/1 anilire to arsenic mole ratio.
2.) 26% conversion of arsenic to arcanilic acid.
3.} 2.5% unrecoveradle arsenic loss overall making the product

yield 90% based on fresh arsenic required to give the desired
‘mols ratio on recycls.

&
-
-

Approximate 1.6% aniline loss coverall making the product
yield 75% based on fresh aniling.

) The recovery of 288 1bs. of recyclable arsenic concentrate
‘which contains 60.6% solids baving a total arsenic analysis
of 21.4% and 3.0% nitrogen.

v/
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A. Crarge For Initial Run

Whitmover Arsenic Acid - 192.3 lbs., 85%, 17.86 1lbs./gal., 1.152 m°1”§123:g g:: g:éd

Whitmover Aniline - 590.0 ;ys.,' 100%, 8.53 lbs./gal.; 6.336 moles
Tota e . - 782.3 1bs. = 80 gals. at 25°C.

B. Charge for lst Recycle Run

Ar Actd - 4.8 1bs., 85%, --- 0.328 nolesf “g'g g::‘%:éd

21hfAs - - -

117.0 1bs. Acid

Arsenic Conceptrste - 288.0 lbs. 4 . Total 1.152 moles 113.5 Ibs. K0
Eﬁg% g:;::i :': gggg; 7 3.06 K - 0.617 moles 515 ibs. Aniline
Wet Recycle Antline - 485.2 Ibs. 98.26 -  5.148 moles

(composite) ‘ S '

Total Charge 884.2 = 91 .‘u.ls. i.t 25%, 6.336 ﬁolel

*

Based on the procedure outlined, aniline in the water layer ecollected during the
reaction step (.01€ moles), aniline in an assumed 200 1b. water-layer heel which
. is believed necessary to pramote good enilipe geparation during steam stripping
- {0.79 moles), and aniline in the vater distillate resulting from the arsenic
concentration step (.015 mole) would not be accountable in the system until the
2nd recycle run. This is the resson the fresh aniline charge in the 1zt recycle
charge appears higher than is warranted by the anticipated T5% yileld based

on aniline, : :
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IV. Procedure

A. Reaction Step .

1. Inert Unit 117 by evacuating and f1illing with nitrogen;
repeating several times.

2. Pump the aniline charge into the kettls as rapidly as
possible.

3. With full beat applied and the a.sitntor on, raise
the batch temperature to 115-1207C.

L. Under total take-off conditions, pump the scid charge
into the reactor wiih the temperature at 115-140°C.,
stean heat and 1/2 hour (0.36 gal./min.) will probably .
be required. HNote 1.

5. After adding the acid, raise the bateh temperature to
160-165 C, and maintain for 2 hours. Note Table I for
distillate remcval.

6. Upon campleting the reaction period, remove distillate ,
fram the receiver, separating and weighing the water (upper)

and aniline layers. Hold the layers for further rrocessing
(See Table I for approximate weights).

Table I - Distiliate Remava ing Reamct

Initial Rup 1st Recycle Run

1bs. 1lbs. Ibs. Iba.
_ B0 Aniling B0 Aniline
Distillate To 160°C. * 30 6.k 137.0 30.4
Distillate During 2 Er. Hold 1.4 15.6 11.4 15.6
Total Distillate, lbs. 63.4 193.1
Total Aniline Removed, Moles 0.24 0.537
Aniline/Arsenic Mols Ratio 5.28/1 © s.0b/1

After Reaction Periocd

*ater layers contain 3.7% aniline. Aniline layers contain 5% FgO.

AR10006L
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B. éﬂ cuum Striv gtep
o,

Cool the batch to 1ho°c. and, with continued egitation, apply

‘@radual vacuum. When the pot tempersture reaches 100°C.,

- &pply steam heat and remoye aniline a8 rapidly es possible with
the temperature at 95.100°C. Continue heating, reducing the
.pressure, apd removing anilipe until the batch temperature
‘reaches 100°C. and the pressure reaches 30 mm of Eg. Note 2.

T:a
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Whez the batch reaches 100%. at 30 zm., discontinue heating and
reise the rressure to atmospheric with nitrogen.

Weigh aniline distillate and hold for further processing. Note 3.

Place the system under totzl reflux snd 244 600 1bs. of water

st 60-70°C. With continued sgitation,sdjust the batch temperature
to 85.90°C. The edjusted bdatch amounts to about 967 Ibs. and is
equivalent to about 110 gallons (8.G. 1.065 st 90°C.). Fote &

C. Stean Strippinz Stev . .

15 .

1k,

Punp crude from step 10 into the steam stripper at the rate of
10 gals./hr. o_Simultaneous to this, pump additional dilutian
vater {80-90°C.) at the rate of 10 Ibs./hr. into the crude feed
prior to the steam stripper. .

Adjust steam rate to the base of the steanm stripping column
to sprroximately 40 1bs./nr. and 27 1bs./nr. to the dip pipe
in the stripped product receiver (Unit 116, Figure 1). Jote S.

Allov a heel to build-up for 2 hours in the stripped product
receiver before starting to pass stripped product through the
carbon"beds. Contimue passing steam into the stripped product
receiver for 20 minutes or longer afier campleting the addition
of crude feed to the steam stripping column. ‘

Separate and weigh the aniline layer (bottam) in the stean distillate
receiver. Anticipated aniline recovery is 113 Ibs. (100% basis).
Aniline to arsenic mole ratio in the batch at this point is 0.94/1.

Carbine aniline recovered in Sections A, B, and C and hold for

recycle. The cmposite is sbout 98% aniline and 2% EO.

D. Qarbon Treatment Step

After & 2 hr. u‘huiu].d-u;p of stripped crude in the stripped crude
receliver, start pumping steam stripped crude through the water

- £111ed earbon columns (Column Temperature 85-9o°c.) at the rate

of 10 gal./hr. Anticipated contact time is approximately 34 minutes
irn each column (Volume of each column 5.69 gal.). Anticipated

punping time 11 hours. [Fote 7.
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Punp 16 gallons of fresh (90°C.) water through the colimns at
10 gals./hr. to remove the arsanilic acid after trestment of
stripped crude is complets.

E. Crystallization Step

18,
19.

20.
21.

22,

Collect carbon tyeated effluent in a 50 gallon agitated drum
maintained at 50°C.

Allow treated effluent to build-up and overflow into an Alsop
continuous crystallizer where it is finally cooled to 20°C.

Draw the resulting slurry off continuously and filter usirg a
rilter)'box. The resulting wet cake weighs sbout 81 lbs. (80%
solids).

Wash the wet cake in the filter box with 65 '1bs. of city water
and repeat this procedurs two additional times. Hold water
washes for recycle as make.up water in step 10.

Washed wet cake weighs about 81 1bs., 80% solids. Send an'
aloquote sample of wet cake to laboratery 28 for drying. HNote 8,

F. Arsenic Residue Recovery Step

25-

2k,

Concentrate mother liquor filtrate froam step 20 (1015 lbs. ,'

117 gals., S.G. 1.04 at 25°C.) at 90 mm until 727 lbs. (87 gals.)

of distillate is removed. \ J
The resulting residue should weigh 288 1bs. and contain 60.6%

solids. RNote 9,

G. Carbon CO;'umn Regeperation Step ‘In;tia; Rgg)

250

26.
27.

20.

Puzp b3 1bs. (S.G. 0.908 at 259C.) of dimethylfoarmamide into the
drained initial carbon column and allow to stand 3/4 hour at
95-100 c-

Drain the column aznd repeat.

M1l the column with hot water and allow to stand 20 minutes.
Drain and cmbine the effluents with the IMPF solvent washes.

Mnally £ill the regenerated column with fresh water.

Straight-lead distill the solvant-water wash camposite, removing
first Sho water, thea the dimethylformamide. Final pot temperature
is 1007C. at 15 mm. This results in a slightly viscous, purple,
still.bottom,srsenic-containing residus that weighs about 5 1bs.

_ Solwvent reccvery is better than 854, Note 10,
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Allow idual vater to flash off under totsl take-off during addition.

In recycle runs, preceed arsenic concentrate addition by the required fresh acid.
Ad2d concentrate st about 0.31 gal./uin. Total acid-ersenic concentrate addition
“time should be sbout 1 /g hmu-s. :

Note 2

Cooling the batch below 95 0. remlts in = tendency ror the bateh to
solidify. Operating st & pot temperature higher than 100°C., particularly
after most of the excess aniline has been removed causes the batch to darken.
Reducing the aniline to arsenic mole ratioc below 2/1 causes the batch to thicken
and with continued removal ca.uses precipitation.

Fote 3

Anticipated sniline distillate for the initial run is 356.6 1bs. (1% K0,
3.79 moles); for & recycle run 329 1bs. (3.5 moles). The amount of eniline
removed in this step depends upon the amount of sniline removed in the reaction
stage. Total &niline removed to thie poipt, including all aniline resulting:
fran the reaction step smounts to 375 1bs. (100% basis). Aniline to o.rsenic‘
mole ratio of the batch st this point is 2/1. :

Hoted

| Dilution water is made up of reaction water and concentrator vater vhen

. svailable. It might be sdvantegecus to preheat this vater to sbout 60°C. befare
addition. Concentrator water can a.lso be used as m.ke-up wvater to the vaporizer

Quring stean atripping. R

 Fote S : :
On the :|.nitial run,reed ‘fresh water to the vapcrizer until enough aniline
saturated vater la.yer is formed (a.baut 200 1bs.) so it can be recycled. Stean
ratio to anticipated smount of aniline to be removed is sbout 6.5/1 besed on
recycle of eniline saturated water Jayer to the vaporizer.

Kote 6 _
On th adtial run,about 079 uoles of aniline would remets in the enticipated
200 Ibs. wvater J.syer H’ith continmd recrcle, this loss would became
negligidble. L o
C:nmtamzation of arsanilic acid go the carbon is possible if the ved
ove up t0.1007C. the bed

temperature is alloved to d:op belov eo C. &b
tends to percolate. _
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Note § ¥

Tnica:l?ﬁutol analysis of dry product is as follows:
35.4% As, 6.46% N; Theory 34.51% As, 6.45% N.

Samples of dry msterial are also sent to Laboratory 12 for % arsenite and
arsenate. Thess analysis usually run well below 0.C25 and 0.05 respectively,
vhich meets FDA specifications.

Jote 9 , ‘
Concentrate assay will vary slightly fram run to run depending on the
degree of concentration, efficiency of product removal frax mother liquer,
and how efficiently the aniline salt is steam split. The analysis usually
is as follows: % Arsenic 20.22, % Nitrogen 2.9-3.1.

Hote 10

The still-bottam residue, along with eventual exhausted carbon fram the
carbon columns, would require appropriate disposal. It may be possible that’
on a larger scale the carbon columns will not be regenerated satisfactarily *
wvith the treatment prescribed and/cr it may not be econazical. These wers ths

best conditions found for regeneraticn on & labaratcry scale. :
V. Discusgion . i

In addition to the desired reaction between aniline and arsenic acid to

. form arsanilic acid, there is scme tandency for an oxidation-reduction, by-
roduct reaction to occur. As a result of this, aniline dye and tarry by-
products farm. At the same time pentavalent arsenic is reduced to the tri-
valent farm. The latter form is inactive when recycled as part of the arsenic
residue and, therefcre, tends to build.up with contimued recyels. This is not
the case with the aniline by-products since these are remcved by the carben
treatment, The rate at vhich the by-product reactiocn oceurs appears to be
influenced by reactica temperature and time, and amocunt of aniline in the ge.
Oxidation occurs most rapidly as the reaction temperature is raised above 165 C.
and/cr as the aniline to arsenic mols ratio beccmes less than 3/1. The desired
arsanilic acid reaction proceeds until an approximate 25-30% arsenic conversion

to ars eacid occurs. This may be related to the fact that arsenic acid
dehydrates.{ff-an elevated temperature.  Oxidation, on the other hand, appev.rs to
continue. . ¢ acid fcrmation occurs at a renstion temperature of 150 c., but at
slower rate! 1ed reaction time) than at 160-165°C. Unfortunately, the sare

amount of oxidation hy-Foducts appear to form during the extended reaction time
as is formed at 160-165 . with & 2 hour reaction tine,

A slight adnntase as regards bdy-product formation appears possidle using
a larger excess of aziline (up to & 5/1 mole rttio, aniline %o arsenic). Also,
charging all reactants at a temperature below 150°C. and then heating to reaction
temperature appears to result in less dy-product formation than is the case
when arsenic is added to aniline at reaction temperature. In ons laboratory

.
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recycle sgiu following the latter method, arsenite-arsenic build.up rete wus
sbout 0.7 based on total arsenic charged, In this case, after canpleting five
recycles and sssuming no ccrrection for arsenite-arsenic in recycle arsenic
concentrate, jroduct yleld drc/ipfad fran 26 to 15%. Conversions of two other

1

recycle series (3.5/1 and 5.5 eurrently underway in the lgboratory, in which

~ the reactants exre charged belew 150°C. and heated to 160.165°C., continue above

25% after three recycles. Analyticsl data econcerning srsenite build-up is
sti]ll pending. T

Preliminary data indicate that it is possible to oxidize the arsenite in
& sinulated srsenic conceantrate by treating with hydrogen peroxide. The effect
of using treated concentrate ip an arsenation has not as yet been tried.

Another by-product koown to form in the arsapilie reaction is diamino-
diphenyl arsonic acid (approx. 1.5% based on total arsenic). In the Whitmoyer
process this materisl is recovered during & fractional precipitation step by pH
adjustuent. It is not isolated in the Ladoratoary 28 process. Thin layer
chramatography of the cardon used in decolorizing reaction product indicates
the presence of DDAA; however, the amount of this materisl present appearg

- much less than is indicated in Whitmoyer's isolation rocedure. It is pogsible

that this material may hydrolyze during the steam stripping step. Experiments
are planned to show if this possibility exists. *

- The closensss of the densities of aniline and wvater (aniline being slightly
heavier at 25°C.) results in & slightly slugzish laysr separation. To further
canplicate the situation, the layers invert at 80-90°C. In the proposed process,
it is szsumed that if atesnm distillate is allowved to condense and is collected
in & receiver at about 25 C., layer separstion will be efficient enough, with a
200 1b. water layer build-up, to recycle the top water layer to the vaporizer.
Anilipe-saturated water layer has been satisfactorily recycled in the ladoratory,
but no attempt has been made to do this on & continuous basie.

Solvent extraction has been successfully tried (batchwise) to recover
aniline fran saturated vater layer. With three extractions, using 1 part benzene
to 13 parts water layer, £0% of the residual apiline was recovered; aniline
content in the water layer being reduced fram 3.7% to < 0.2%.

An exhensive investigation with different types of carbon forr the treatment
of crude-ghiripped reaction product bas not been carried out. Of the two carbons
tried (Nudbar C-150, 30 mesh, West Virginia Pulp and Paper Co.; Cal-Type, 30 mesh,
Pimb\n‘ﬂﬁrm Chem . co.f ; Juchar C.190 appezred io decolorize most efficiently
(6 1bs. afsapilic produced/id. cardon) and is cheaper (12.5¢ 1b.).

Arsanilic scid resulting fram the laboratory 28 grocess is crystalline ‘in
nature as canpared to the powdery material isolated by Whitmoyer. Other than
for the manufacture of Carbarsone (cyeanate derivative cf arsanilic acid),
arsanilic scid is dried before blending g packaging, It appears that the
drying process should be fairly mild (50°C. max. at 50 mm.). In most cases

BR100063
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lebaratoryg,acid samples wers dried 8 hours in aa 80°c. oven at atmospheric
ress\Te~~Arsenic and nitrogen assays for arsenic and nitrogen wers slightly
higher thaa theory for arsanilic. Thin layer chramatography and wet chemical
analysis did nct indicate impurities other than trace amounts of arsenate and
arsenite. It is believed that under the drying conditions used partial

dehydration occurred. An sttempt will be mads to determine if this is the case.

In nost of owr work, COz has been employed to maintain the system
oxygen-free. However, wa have nct been able to demonstrate any beneficial
effect of COz on the actual reaction other than 4o possibly minimize cxidation.
Accordingly, for the Semi-Works study we have agreed to the use of nitrogen
to inert the system initially. The use of nitrogen in place of CO» is more
convenient in the reacticn area.

MR s wien O, -

H. R. Raterink S. Wise D. Nicodemus /

HR:SW:DN:PAH
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